Testing and Diagnostics of Neutral Earthing Current on 500kV/150kV Inter Bus Transformer in Tasikmalaya EHV Main Sub Station  by Purwadi, Agus et al.
 Procedia Technology  11 ( 2013 )  980 – 988 
2212-0173 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan Malaysia.
doi: 10.1016/j.protcy.2013.12.284 
The 4th International Conference on Electrical Engineering and Informatics (ICEEI 2013)
Testing and Diagnostics of Neutral Earthing Current on 500kV/150 
kV Inter Bus Transformer in Tasikmalaya EHV Main Sub Station
Agus Purwadia,*, Nana Heryanaa, Febri Arwan Nugrahaa, Abduh Aziz Basharaha
PC. Didit Hadisantosob, Buyung S Munirb, Didik F. Dakhlanb
a
Electrical Power Engineerng, Institut Teknologi Bandung, Jl. Ganesha 10, Bandung, 40123, West Java, Indonesia
b
PT.PLN R&D Division
Abstract
The burning of phase-R, 166 MVA, 500kV/150 kV inter bus Power Transformer of Tasikmalaya EHV main substation on 28th
January 2009, has been disturbing the JAMALI (JAVA-MADURA-BALI) interconnection system. The investigation on root 
cause of the trouble is still under studied. After replacement of the inter bus power transformer, the existing IBT transformer still 
show some abnormalities on the neutral earthing current. Neutral earthing current found relatively higher than other IBT 
transformer even though the load level only minimal. Within this paper, measurement and simulation and analysis will be done to 
verify the cause of abnormality neutral earthing current on this Ynyd configured IBT  500/150 kV power transformer. The 
measurement on neutral earthing current were conducted by true rms current logging for one week on three area of  similar 
configuration of EHV main substation including the Tasikmalaya EHV main substation to compare with other normal conditions. 
Measurement with true rms current meter, will investigate the effectiveness of delta tertiary winding for reducing zero sequence 
current on IBT transformer  and also if there is dc component on neutral current due to geomagnetic field interference. Analysis 
and simulation was also conducted to verify the measurement result. The analysis and simulation show that if it is in the normal 
condition whether distorted, balanced or unbalanced the total resultant neutral earthing current should be zero when there is no 
insulation leakage to ground.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Faculty of Information Science and Technology, Universiti Kebangsaan 
Malaysia.
Keyword: Neutral current; single phase transformer; three phase transformer; non-ideal transformer properties; core loss; non-linear transformer;
* Corresponding author. Tel.: +62-22-2502260; fax: +62-22-2534222.
E-mail address: apurwadi57@gmail.com
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and p er-review unde  respons bility of the Faculty of Information Sci nce & Techn logy, Universiti Kebangsaan 
alaysia.
ScienceDirect
981 Agus Purwadi et al. /  Procedia Technology  11 ( 2013 )  980 – 988 
1. Introduction
In the three-phase system, neutral current is the sum of the three phase currents. On balance and resistive load,
the three current have same value but differ 120o each phase respectively, so that the sum of the three phase currents
neutral currents will be zero. It can help us provide a neutral cable on four or five-wire system, where the neutral 
cable cross-section can be quite small or eliminated on three-wire system. However, this condition is difficult to 
achieve on real application. Load current will depend on the load demand / consumers behavior which tend to be
inductive loads.
In the PLN electricity transmission system, a few changes in the voltage levels in network have done to reduce 
the impedance losses in order to secure the safety and security of the  equipment at the consumer level.  Specific 
configuration of transformer at each voltage level is also adjusted so that the current  at the source side is more 
balanced with smaller harmonics. In addition, some transformer has a delta tertiary winding to reduce the magnitude 
of  fault current [1] . Delta-Wye transformer also  used on the load side so that the sum of the currents on the 
primary side of the transformer will be zero, zero sequence currents will be lost. Since the sum of the three phase 
currents in low voltage transformer primary side is zero, the sum of the current in previous part also will be zero. 
Note that the transformer and network should be ideal.
Based on these conditions, we’ll analysis the real conditions whether the transformer and the power grid are ideal 
or not, and then whether the neutral current will appear or not , and the last we’ll like to observe whether the non-
ideal factors that caused the existence of neutral currents or not. The unbalance capacitance can be minimized by 
performing transpose phase twice to the network so that phase to ground capacitance of each phase is equal.
In this paper, we will analysis the effect of non-ideal transformer, especially the non-linearity of core transformer
to the neutral current.
2. Measurement result of neutral current on Tasikmalaya EHV main substation 
Tasikmalaya EHV main Substation has a transformer 500 MVA consisting of three single phase transformer core
type with 3 legs on each phase, and YNynd5 configuration [2] (See Fig. 1).
Fig. 1. Schematic of Tasikmalaya EHV Station transformer
To monitoring the measurement of neutral current trending, we installed data logger to the transformer with time 
stamp for sampling every 5 minutes. We also managed to take a wave shape snapshot of the neutral current every three 
hours. Fig. 2 and Fig. 3 are the example snapshot of the neutral current which took on 27 April 2012 [2]:
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Fig. 2. Snapshot of Earthing current on 150 kV side.
Fig. 3. Snapshot of Earthing current on 500 kV side
We used two current clamp, AC and AC-DC clamp, to measure the neutral. To get the DC current we used Eq. 
(1) [3] :
DC AC DC ACI I I  (1)
We also did neutral current measurements on the 500 kV side (primary) and 150 kV side (secondary) by using 
pliers amperage on April 26, 2012 [2]with the following measurements as shown below (table 1):
                                                                Table 1 Measurement Results of Neutral Current
Time Primary Side Secondary Side
09.45 a.m 16,7 A 21,3 A
6.00 p.m 20 A 32,6 A
From the measurement results above can be seen that the primary side neutral current is not a result of the neutral 
current secondary side completely. Eq. (2) shows the relationship between primer current and secondary current of 
the transformer,
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so that the sum of the three phase currents on the primary side also has the same relationship. Non-ideal condition 
have been seen from that. This Analysis due to the capacitance imbalance of network and non-ideal transformer.
3. Results of laboratory experiment
In laboratory experiments, it is performed network modeling using several transformers that will represent some 
of the transformer voltage level in the network configuration that similar to mostly transformer on the network. No 
additional leakage capacitance to the network. With a balanced resistive load, Here are the results [2] (See Fig. 4 and 
Fig. 5) :
Fig. 4. Neutral current experimental results on secondary side of the tested transformer
Fig. 5. Neutral current experimental results on primary side of the tested transformer
Current rating of the tested transformer is 4 A on the secondary side (150 V) so that the neutral current on the
secondary side is about 1.8% (0.073), while the neutral current on primary side about 1.66% (0.02 A) from its
current rating. With rating of 500 MVA transformer, the nominal current is :
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VN is the line to line nominal voltage. So that the current rating on the 500 kV side is 577, 35 A and on the 150
kV side is 1924.5 A. From these, we get a large percentage of neutral current to nominal current is 1.7% (32.6) for
the 150 kV side and 3.46% (20 A) on the measurement at 06.00 p.m.
Magnetization currents in the transformer can reach 5% of full load current for a transformer made of hot rolled
steel and can be smaller 0.5% of full-load current by using modern technology core making, cold rolled steel [1]. 
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The magnetization current in the transformer is not sinusoidal. The higher frequency components in the 
magnetization current are due to magnetic saturation in the transformer core [4]. 
As described above, the neutral current is the sum of the three phase currents. Although the three-phase current
has the same shape but differ 120o each phase, the sum will always be zero if the shape of the three-phase current is 
a pure sine. Infact, transformer magnetization current is not a pure sine. This causes the sum of the magnetization
current transformer is not always zero and will flow through the neutral on primary side of the transformer
No load test on load side connected to the network is performed to look neutral current on the transformer test
without no load at secondary side of transformer lowest voltage level. These results are shown bellow [2] (Fig. 6
and Fig. 7):
Fig. 6. Neutral current of secondary side on No load condition (0,11 A)
Fig. 7. Neutral current of primary side on No load condition (0,04A)
From these results, we see that the neutral current on transformer is not only caused by load, but also other 
factors that more dominant. Neutral current at unload condition is greater than Neutral current at load condition 
because the magnetization is a function of voltage [5]. Due to the impedance of the transformer and wires, voltage
on load condition will be less than voltage on unloads conditio of the network. That’s why the magnetization
currents at unload condition is greater than magnetization currents at load condition.
In addition, the results of the experiment also prove the magnetization current in the transformer is exist. For 
unload network condition, on ideal transformer, the current will not flow. In fact the current flows. This is due to the 
demand of current on the primary side as the magnetization current of the lowest voltage level on transformer.
Magnetization currents will be supplied by the secondary side of the transformer above it. Primary side of the 
transformer and the transformer magnetization current itself will flow and the current flow on the secondary side as 
a result. Likewise transformers above it.
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4. Modeling and simulation: nonlinearity of  transformer
The Ideal transformer can ofcourse actually never be made [4] . The Real transformer have an impedance of the
windings and nonlinearity of the core. Transformer core have permeability that variedd with flux density[5]. To get 
the equivalent circuit model, we used duality of electric-magnetic circuit. Each magnetic component from 
mmagnetic circuit that we used is discreted and lumped. Assuming each part will have an uniform flux density.
To analyze non-ideal transformer, equivalent circuit of three phase transformer consists of three single phase
transformer core type that have three legs with three windings on each phase, the one as on Tasikmalaya EHV 
Substation, needed to be modeled , see Fig. 8 [6].
 
Fig. 8. Three single phase transformer Core type that have three legs and three windings
We created a magnetic circuit from three single phase transformer three legs and three windings, without ignored 
the flux leakages, see Fig. 9 [6].
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Fig. 9. Magnetic circuit of three single phase transformer Core type that have three legs and three windings
Then we transformed the magnetic circuit into electric circuit by using duality of electric-magnetic circuit to get 
the electric circuit, Fig. 10 [6].
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Fig. 10. The Equivalent circuit three single phase transformers Core type.  Has three legs with three windings
Then the electric current source in the circuit is converted into an ideal transformer to provide isolation between 
the part and the core coupling, so that the equivalent circuit became like Fig. 11 [6]:
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Fig. 11. The Equivalent circuit three single phase transformers Core type.  Has three legs with three windings
To obtain the value of components in the transformer model, we did open circuit and short circuit test on the
150kV side of transformer in the laboratory [2] (see table.2). :
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                                                              Table 2. Open Circuit and Short Circuit Testing Results
Open Circuit (OC) Short Circuit (SC)
Frequency (Hz) 49,9 50,4
Current (A) 0,591 4,05
Voltage ( V) 87,4 4,0
Power (W) 22,7 15,9
Once the transformer equivalent circuit component values have obtained, the circuit is simulated using PSIM.
The results are as Fig. 12 and Fig. 13 [2]:
Fig. 12. Neutral current on Transformer Primary Side (14,5 mA)
Fig. 13. Neutral currents on Transformer Secondary Side (0,68mA)
The simulation proves that neutral current will remain appear on both sides of the transformer from the resistive 
and balanced load. Compared to the results of the experiment (0.02) with the existing network, the value is close to
the 500kV side because the current in the primary side of an existing network is sum of magnetization current and 
currents that contribute to the transformers underneath so that the larger value will arise. While for the value of 
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150kV side is very small for the simulation because it would ideally be zero because the current in the load are 
balanced and have zero addition.
5. Analysis
The neutral current waveforms on both side windings (the primary and the secondary) in the transformer on 
Tasikmalaya EHV Main Station have similar result with the neutral current waveforms on laboratory experiments.
Both transformers use  hot rolled steel as tranformer core.  It is characterized by the amount of neutral currents that 
same in the range of 1% -4%. The simulation results also show that neutral earthing current arise as a result of the 
non-linear transformer core . Those results prove that the transformer on Tasikmalaya EHV Main Station is not an 
ideal one.
6. Conclusions
Neutral earthing current that occur in Tasikmalaya EHV Main Station caused by the existing of a non-ideal  
transformer in the EVH Station and transformers following under. Each transformer requires magnetization current 
that is not a pure sine. The neutral earthing current on the primary side of transformer and the secondary side of 
transformer above it appears because the sum of the three phase magnetization currents is not zero.
Delta connected tertiary windings is given in order to make the  magnetization currents rotate on the delta 
winding, which include harmonic, so that reduce this neutral earthing current.
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